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lighting device 



The invention relates to a lighting device comprising at least one ligiht source 
arranged in a housing for emitting a lighting beam through a light-transmitting plate of the 
housing, wherein said plate is provided with means which reflect incident light on the plate, 
in such a manner that light which locally has a higher intensity is reflected more strongly at 
5 that location than Ught which locally has a lower intensity. 

Such a lighting device is generally known. The known lighting device is 
usually a flat light box, such as the Ught box that is used for the visual inspection of x-ray 
photographs, for realising flat lighting tiles or lighting walls attached to walls or ceilings for 
general lighting purposes, or for backlighting advertising colunms, billboards, or LCD 
10 screens. As a rule, the at least one lig^t source that is present in the light box is at least partly 
surrounded by a reflector for reflecting the light enoitted by the light source in a direction 
away from the light-transndtting plate back to the light-transmitting plate. An important 
practical requirement concerning such products is that the light exiting from the light- 
transmitting plate must exhibit a substantially homogeneous intensity over substantially the 
IS entire plate area, so that the location and the shape of the light source — for example in the 
form of one or more TL tubes in the case of a light box - cannot be distinguished as such 
from the outside. Jn order to accomplish this, it is known to apply a coating having a locally 
varying thickness, usually consisting of light-diffusing inorganic particles dispersed in an 
organic binder matrix, to the entire light-transmitting plate, for instance by spraying. The 
20 locally varying thickness causes the optical reflection of incident light on the plate to vary 
locally, wherein a coating which is locally relatively thicker effects a higher degree of 
reflection at the location ia question than a coating which is locally relatively thinner. 
Consequently, the local variation in thickness in the coating must be selected so that the 
coating reflects incident light on the plate in such a manner that light which locally has a 
25 higher intensity is reflected more strongly by the coating at tiie location in question than ligjiit 
which locally has a lower intensity. 

One drawback of the known lighting device is the fact that, in particular in the 
case of very flat light boxes, the required lateral thickness profile of the coating on the plate 
must exhibit a lateral thickness gradient which is so large and which, moreover, has been 
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adjusted so precisely in order to effect the desired reflection/transixiission gradient over the 
entire light-transmitting plate, that, in practice, it is not possible to ^ly such a coating 
sufficiently reliably and efficiently. 

The object of the invention is to overcome this drawback of the prior art, and 
in order to accomplish that objective a lighting device of the kind according to the invention 
as referred to in the introduction is characterized in that said means comprise at least one 
light-transmitting plate, which is locally provided with a patterned reflective material, the 
provided reflective material reflectingmore than 80% of the incident light thereon. Said 
material may be arranged in a one-dimensional pattern or in a two-dimensional pattern. In the 
latter case, a two-dimensional pattern of lines and/or grooves provided with the reflective 
material is used, for example, wherein lines and/or grooves intersect so as to form a two- 
dimensional network, or wherein separate, possibly interconnected two-dimensional patterns, 
such as small squares or rectangles are provided with the reflective material. Preferably, 
practically no reflective material is present on the parts of the surface present betv^een the 
pattemed reflective material on the plate. The reflective material is in particular a specular 
reflective material, preferably selected from the group of metals consisting of aluminium and 
silver. More in particular, the reflective material is a diffuse reflective powder, whilst it may 
also consist of diffiise reflective particles in a so-called '^binder matrix", whether or not in 
combination with each otiier and/or in combination with a specular reflective material. 
Experiments have shown that a pattemed reflective material can readily be provided on the 
plate, the provided reflective material having a reflectivity of more than 80%, i.e. yielding a 
transmission of less than 20%, with a relatively higher pattem density at those locations 
where the intensity of the incident light is higher and a relatively lower pattem density at 
those locations where the intensity of the incident light is lower, and wherein the individual 
patterns have been rendered visually indistinguishable by disposing an additional translucent 
plate, for example a matted plate, on the side of the light-transmitting plate facing away from 
the light source, spaced from said light-transmitting plate by a short distance and oriented in 
parallel thereto. The visual effect that is achieved therewith is that the light emitted by the 
lighting device has a laterally homogeneous intensity. 

In one preferred embodiment of a lifting device according to the invention, 
said means comprise at least one light-transmitting plate having grooves formed th^ein, 
which grooves are filled with a diffiise reflective powder. In particular, grooves present at 
locations where the incident light on the plate has a higher intensity are wider than grooves 
present at locations where the incident Ught on the plate has a lower intensity, whilst in 



wo 2004/025169 




T/IB2003/003852 



another prefecred variant the spacing between neighbouring grooves is smaller at locations 
where the incident light on tiie plate has a higher intensity than at locations where the 
incident light on the plate has a lower intensity. Thus, an average homogeneous intensity of 
light exiting from the light-transmitting plate is realised, in which the individual patterns have 
5 been rendered visually indistinguishable by disposing an additional translucent plate, for 
example a matted plate, on the side of the light-transmittmg plate facing away from the light 
source, spaced from said light-transmitting plate by a short distance and oriented in parallel 
thereto. 

In another preferred embodiment of a lighting device according to the 
10 invention, the grooves are formed in the Ught-transmitting plate of the housing, wherein the 
grooves are covered by a cover plate arranged on said plate. 

In one preferred embodiment of a lighting device according to the invention, 
the grooves are formed in a light-transmitting second plate arranged on the light-transmitting 
plate of the housing, wherein tiie grooves in the second plate are covered by a cover plate 
15 arranged on said second plate. In another preferred variant, the grooves are fomied in a light- 
transmitting second plate arranged on the light-transmittmg plate of the housing, wherein the 
grooves are covered by the plate of the hoiising. 

In another preferred embodiment of a Ughting device according to the 
invention, the grooves have a miniTnuTn depth of at least 1,5 mm and a min i mum width of at 
20 least 1 mm. 

In another preferred embodiment of a Ughting device according to the 
invention, the powder comprises calciimi halophosphate, calcium pyrophosphate, BaS04, 
MgO, YBO3, TiOa or AI2O3 particles. Such a powder is physically resistant against high 
temperatures, whilst important chemical properties thereof do not deteriorate as a result of 
25 beiag exposed to high temperatures, light and/or moisture. The powder is in particular a 
"free-flowing" type powder. 

In anotiier preferred embodiment of a Ughting device according to the 
invention, the particles have an average diameter ranging from 0.1 to 100 Dm, in particular 
from 5 to 20 dm. In order to obtain a "free-flowing" type powder, said particles are 
30 preferably mixed with fine-grained AI2O3 particles having an average diameter which ranges 
from 10 to 50 nm. The amount of the latter fine-grained particles, also known as Alon-C 
(Degussa, Frankfurt), preferably ranges fix)m 0.1 to 5 wt. %, in particular from 0,5 to 3 wt. %. 

In another preferred embodiment of a lighting device according to the 
invention, the powder is substantiaUy incapable of absorbing Ught, in particular Ught having a 
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wavelength in the visible wavelength range. Any loss of light in this wavelengtih range due to 
absoiption is thus prevented. 

The invention also relates to a method for the lateral honaogenisadon of the 
intensity of the light emitted from a lighting housing, using a lighting device comprisiag at 

S least one light source arranged in a housing for emitting a lighting beam through a light- 
transtnitting plate of the housing, wherein said plate is locally provided with means which 
reflect incident light on the plate, in such a manner that light which locally has a higiher 
intensity is reflected more strongly at that location than light which locally has a lower 
intensity, characterized in that said means comprise at least one light-transmitting plate, 

10 which is locally provided with a material which reflects more than 80% of the incident light 
thereon, and wherein the patterned material has been rendered visually indistinguishable by 
disposing an additional translucent plate, for example a matted plate, on the side of the light- 
transmitting plate facing away from the light source, spaced from said light-transmitting plate 
by a short distance and oriented in parallel thereto. 

15 

The invention will not be explained in more detail with reference to figures 
illustrated in the drawings, in which: 

Figure 1 is a schematic, perspective view of a part of a light box according to 
20 the invention; and 

Figures 2 and 3 are schematic top plan views of the ligtit box of Figure 1, in 
which the dififixse reflective material is present in various patterns, however. 



25 Figure 1 shows a light-transmitting glass or plastic plate 1 , which is mounted 

on a light box (not shown). In order to ensure that TL-tubes (not shown) in the light box 
cannot be individually distinguished fix)m the outside, incident light on the plate 1 coming 
fiom the TL-tubes must be made to exit the plate 1 with a homogeneous intensity over the 
entire area of the plate. To tiiis end, longitudinal grooves 2 are formed in the plate 1 in 

30 parallel with the orientation direction of the TL-tubes in the Hght box, and these grooves are 
provided with a dif^e reflective powder 3. Said powder 3 is a "free-flowing** type powder, 
comprising calcium halophosphate, calcium pyrophosphate, BaS04, MgO, YBO3, Ti02 or 
AI2O3 particles. The effect of said particles is that incident light on the light-transmitting 
plate 1 is diHiise reflected By making the grooves 2 locally wider than elsewhere, and/or by 



wo 2004/025169 




:T/IB2003/003852 



using a locally smaller spacing between adjacent grooves 2, light which locally has a higher 
intensity will be reflected more strongly at that location than light which locally has a lower 
intensity. In order to ensure that the powder 3 cannot move out of the grooves 2, a glass cov^ 
plate 4 is arranged on the plate 1 . 

Figures 2 and 3 show various patterns, viz. a one-dim^isional pattem (Figure 
2) and a two-dimensional pattem (Figure 3)» in which the grooves 2 are formed in the plate 1. 
TL tubes are placed and positioned in the li^t box such as to directly face the areas "a" 
(Figure 2) and the areas *V* (Figure 3) of the light-transnaitting plate 1. The individual 
patterns are rendered visually indistinguishable by disposing an additional translucent plate, 
for example a matted plate, on the side of the light-transmitting plate facing away from the 
light source, spaced from said light-transmitting plate by a short distance and oriented in 
parallel thereto. 
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CLAIMS: 



1. A lighting device comprising at least one light source arranged in a housiag 
for emitting a lighting beam through a light-transmitting plate of the housing, wherein said 
plate is provided with means which reflect incident light on the plate, in such a maimer that 
light which locally has a higher intensity is reflected more strongly at that location than light 

5 which locally has a lower intensity, characterized in that said means comprise at least one 
light-transmitting plate, which is locally provided with a patterned reflective material, the 
provided reflective material reflecting more than 80% of the incident light thereon. 

2. A lighting device according to claim 1, wh^ein said material is arranged in a 
1 0 one-dimensional spatial pattem on or in the Ught-transmitting plate. 

3. A lighting device according to claim 1, wherein said material is arranged in a 
two-dimensional spatial pattem on or in the Ught-transimtting plate. 

IS 4. A lighting device according to claim 1, 2 or 3, wherein said means comprise at 

least one light-transmitting plate having grooves formed therein, which grooves are filled 
with a diflEuse reflective powd^. 

5. A lighting device according to claim 4, wherein grooves present at locations 
20 where the incident light on the plate has a higher intensity are wider than grooves present at 

locations where the incident li^t on the plate has a lower intensity. 

6. A lighting device according to claims 4 and 5, wherein the spacing between 
neighbouring grooves is smaller at locations where the incident light on the plate has a higher 

25 intensity than at locations where the incident ligjit on the plate has a lower intensity. 

7. A lighting device according to claim 4, 5 or 6, wherein the grooves are formed 
in the light-transmitting plate of the housing, and wherein the grooves are covered by a cover 
plate arranged on said plate. 
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g. A lighting device according to any one of the preceding claims 4 - 7» wherein 

the grooves are formed in a light-transmitting second plate arranged on the light-transmitting 
plate of the housing, and wherein the grooves in the second plate are covered by a cover plate 
arranged on said second plate. 

9. A Ughtiag device according to any one of the preceding claims 4-8, wherein 
the grooves are formed in a light-transmitting second plate arranged on the light-transmitting 
plate of the housing, and wherein the grooves are covered by the plate of the housing. 

10. A lighting device according to any one of the preceding claims 4-9, wherein 
said grooves have a minimum depth of at least 1 .5 mm and a minimum width of at least 1 
mm. 

11. A lighting device according to any one of the claims 4 - 10, wherein said 
powder comprises calcium halophosphate, calcium pyrophosphate, BaS04, MgO, YBO3, 
TiOz or AI2O3 particles. 

12. A lighting device according to claim 1 1 , wherein said particles have an 
average diameter ranging from 0.1 to 100 pm, in particular from 5 to 20 |jm. 

13. A lighting device according to claim 1 1 or 12, wherein said particles are 
mixed with fine-grained AI2O3 particles having an average diameter which ranges from 10 to 
50 mn. 

14. A ligihting device according to claim 13, wherein the amount of fine-grained 
AI2O3 particles having an average diameter ranging from 10 to SO mn ranges from 0.1 to 5 
wt. %, in particular from 0.5 to 3 wt. %. 

15. A lighting device according to any one of the preceding claims 4 - 14, wherein 
said powder is a *'free-flowing" type powder. 
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16, A lighting device according to any one of the preceding claims 4 - 15, wherem 

the powder is substantially mcapable of absorbing light, in particular light having a 
wavelength in the visible wavelength range. 

S 17. A method for the lateral homogenisation of the intensity of the light emitted 

from a lighting housing, using a lighting device comprising at least one Ught source arranged 
in a housing for emitting a lighting beam through a light-transmitting plate of the housing, 
wherein said plate is locally provided with means which reflect incident light on the plate, in 
such a manner that light which locally has a higher intensity is reflected more strongly at that 

10 location than light which locally has a lower int^sity, characterized in that said means 
comprise at least one light-transmitting plate, which is locally provided with a reflective 
material which reflects more than 80% of the incident light thereon, and wherein the 
patterned material has been rendered visually indistinguishable by disposing an additional 
translucent plate, for example a matted plate, on the side of the light-transmitting plate facing 

IS away from the light source, spaced fiom said light-transmitting plate by a short distance and 
oriented in parallel thereto. 



wo 2004/025169 



2/2 



;T/IB2003/003852 



^ s/ ' 

a 



FIG.2 



■V- 

a 



b 



b 



FIG.3 



INTERNATIONAL SEARCH REPORT 



F2lW04 



Intetnat' ' Application No 

PCT/x^p/03852 



A. CLASSIFICATION OF SUBJECT MA' 

IPC 7 F21S8A)0 F2r 



According to International Patent Classification (IPC) or to both national classifficatton aad IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classincation system foDowed by classification symbols) 

IPC 7 F21S F21V 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Etectronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 4 335 421 A (MODIA JOSEPH W ET AL) 
15 June 1982 (1982-06-15) 
column 3, line 29 - line 68 
column 4, line 13 - line 35 
claims 12,14,16,20 

GB 2 358 513 A (INDIGITALE LTD) 
25 July 2001 (2001-07-25) 
page 6, line 5 - line 27 
page 7, line 16 -page 8, line 18 

claims 1,6-8,10,18,19 

figures 1-5 



-/-- 



1-3,17 



1-3,17 



5,6,9, 
15,16 



Further documents are listed in the continuation of box C. 



Patent family memt>ers are listed In annex. 



** Special categories of dted documents : 

■A' document defining the general slate of the art which is not 

considered to be of particular relevance 
'E* earlier document but published on or after the International 

filing date 

'L' document which may throw doubts on priority cIaiin(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

"p" document published prior to the International Filing date but 
later than the priority date claimed 



"T" later document pubKshsd after the intematlonal filing date 
or priority date and not In conflict with the application but 
dted to understand the prindple or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

'Y' document of paiticular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or vnotB other such docu- 
ments, such combination being obvious to a person sldUed 
in the art* 

*&* document member of the same patent faimily 



Date of the actual completion of the international search 



5 November 2003 



Date of mairmg of the international search report 

12/11/2003 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280 HV Rl|swgic 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Lange, C 



Foim PCT/1SA/210 (second sheet) (July 1892) 



BEST AVAILABLE COPY 



page 1 of 2 



C.(ContlnuaUon) DOCUMENTS CONSIDEi 



INTERNATIONAL SEARCH REPORT 



Internal Application No 

PCT/xj^|^3852 



L RELEVANT 



Category Citation of document, with Indication.where appropriale, of the relevant passages 



Relevant to claim No. 



us 4 267 489 A (MOROHASHI HISAO) 
12 May 1981 (1981-05-12) 
column 2, line 48 -column 3, line 27 
column 5, line 42 - line 48 
column 7, line 44 - line 62 
figures 1,2A,2B,2C,3,9A 

US 5 839 823 A (KUPER JERRY WAYNE ET AL) 
24 November 1998 (1998-11-24) 
column 2, line 31 - line 42 
column 4, line 42 - line 62 
column 5, line 58 - line 67 
figures 2,13,16,17,19-21,33-35 

US 2 387 745 A (COLBERT WILLIAM H ET AL) 

30 October 1945 (1945-10-30) 

page 2, column 1, line 25 -column 2, line 

30 

figures 1-5,7-11,13,15-17,19 



1-3,17 



1.4,11. 
15.16 



1-3.17 



Form PCT/lSA/210 (continuation of second sheet) (July 1992) 

BEST AVAIUVBLE COPY page 2 of 2 



Patent document 
cited in search report 



INTERNATIONAL SEARCH REPORT 

-it 



^ Publication 
date 



Internal 

PCT/ 



Application No 

03852 



Patent family 
member(s) 



Publication 
date 



1 IC 




A 

A 


1 C- 

Ib" 




.1 QOO 


NUNb 








bb 


^oboblo 


A 

A 


^b- 














1 IC 

Uo 


yi OI%7>IQQ 


A 

A 


1 O- 


■Ub" 


•lyoi 


ID 

or 


55133008 A 


16-10-1980 














ID 
JP 


55082619 


U 


07-06-1980 


1 IC 


booV^o^o 


A 

A 


OA 


■11- 


■1998 


A X 

AT 


209768 


T 


15-12-2001 














CA 


2250312 


Al 


02-10-1997 














CN 


1220002 


A ,B 


16-06-1999 














Db 


69708615 


Dl 


10-01-2002 














Db 


69708615 


T2 


01-08-2002 














DK 


890060 


T3 


18-02-2002 














EP 


0890060 


Al 


13-01-1999 














cS 


2169374 


T3 


01-07-2002 














JP 


2000507736 


T 


20-06-2000 














KR 


2000005023 


A 


25-01-2000 














FT 


890060 


T 


29-04-2002 














TW 


419572 


B 


21-01-2001 














WO 


9736131 


Al 


02-10-1997 


US 


2387745 


A 


30- 


-10- 


-1945 


NONE 









Form PGT/ISA/210(patenltamlly annex) (July 1992) ^EST AVAILABLE COPY 



